Fuzzy c-means (FCM) 
Introduction
Magnetic resonance imaging (MRI) has many advantages over other diagnostic imaging modalities, such as high contrast between soft tissues, high spatial resolution and inherent 3D nature, so it has gained wide clinical applications. However, MR images have the drawbacks of ambiguity and uncertainty [1] , which limit our understanding on image content. Image segmentation techniques aim to partition each image into a number of non-overlapping and constituent regions which are homogeneous related to some characteristics such grey level and texture [2] , [3] .Therefore, in practical application the MR images segmentation has an important significance in the clinical diagnosis and the pathology analysis.
MR images have the characteristics of ambiguity and uncertainty, therefore fuzzy clustering segmentation has aroused comprehensive attention [4] - [6] . There have been many different families of fuzzy clustering algorithms proposed in the last decade [7] , [8] . One of the most popular fuzzy clustering algorithms is the FCM algorithm. However, the drawbacks of this algorithm are that it takes the huge execution time due to its iterative nature and it is difficult to determine the cluster centers.
FFCM and OTSU algorithm

Fast fuzzy c-means clustering algorithm
FCM algorithm is one of the best known fuzzy clustering algorithms, which is classified as constrained soft clustering algorithm [9] . It is based on the minimization of the following objective function: and go to step1, else stop circulating.
Data quantity x of image sample is very big (the size of an image is 256×256, whose x is 65536), so the convergent rate of the algorithm is specially slow [10] . In this paper, a new FFCM algorithm is proposed. The image is mapped from the pixel space to the characteristic space of the gray histogram in order to reduce the data process load.
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Obviously, the speed of the FFCM algorithm is enhanced greatly, and the result of sort is same with the FCM algorithm [11] .
Otsu algorithm
The automatic global thresholding algorithm was presented by Japanese scholar Otsu in 1979 [12] . The given image
is represented in L gray levels, i.e. can be divided into two classes by an optimal threshold K , where
thus at the bottom of the valley in the distribution. i is the pixel of gray-level, i n is the number of pixels of gray-level i , N is the total pixel. Thus, the probabilities of 1 C and 2 C are written as follows:
Mean values of 1 C and 2 C are given by:
The total mean and variance of the image y x f , can be expressed as 
Therefore, the criterion function is K for the each gray-level. When the maximum K is obtained, the threshold K is the optimal [13] .
The modified FFCM algorithm
The FCM is determined by the number of clusters manually for fuzzy clustering algorithm. In this section, we propose a novel method for the clustering problem. The proposed modified FFCM algorithm automatically determines the optimal cluster number. The following describes the modified algorithm.
The modified FFCM algorithm consists of two phase. The first phase is that refines the initial cluster center. Otsu algorithm is used to find a global threshold that can separate the pixel of the image into two regions. The initial two centers are confirmed by hunting the maximum frequency of intensity in each region. The second phase, the FFCM algorithm is used to calculate the membership matrix of the dataset that will be iterated to search the actual cluster center. Calculate the pixels quantity of each cluster by summarizing pixels in a cluster and divide by the number of image pixels. The optimal clusters will be reached when the per value is less than U . The parameter U represents the smallest percentage of the existing cluster. Normally, a cluster whose area is less than six percent will be discarded, because an area is too small to be a meaningful area [14] . Practical application, the value of U is set in accordance with the requirements of the accuracy. The MR brain images require relatively high accuracy. Therefore, the value of U is set 0.03. The experiment on MR brain images takes U being 0.03 in this paper.
The proposed modified FFCM algorithm is composed of the following steps:
Define value for Repeat Calculate initial membership matrix U using (6). ; n is the total number of the image pixels.
Stop processing when
, otherwise go to step 6. Increase the number of cluster.
Set initial value of new centre I v ; go to step 4.
Experiments
The FCM, this paper's FFCM and the modified FFCM algorithms were implemented using Matlab 7.0 under windows XP system. The comparison is performed on accuracy and speed using the same computer and the same programming language. 'Time consumed' is evaluated on a PC powered by 2.4GHz processor with 256MB of memory.
The comparison results are shown in Fig. 1 . The experiments were done for the MR brain image, size 256 256 u . Fig. 1(a) is the original image of MR brain image. Fig. 1(b) shows the image which is segmented by standard FCM. The standard FCM takes 459.7 seconds. The FFCM algorithm segmentation result is shown in Fig. 1(c) . And it takes 216.3 seconds. Obviously, its speed is faster than the standard FCM algorithm. The image shown in Fig. 1(d) is segmented by modified FFCM algorithm. Its execution time is 203.6 seconds; the optimal number of clusters is 5. Therefore, the new method can decrease the execution time, and automatically obtain the optimal number of clusters. And the accuracy and speed of the modified FFCM method proposed in this paper are both higher than single FCM or FFCM. 
Conclusion
FCM algorithm has been used with some success in image segmentation in general and in segmenting MR images. In this paper, we propose modified FFCM algorithm which is able to reduce the execution time, and automatically determine the optimal number of clusters. The algorithm minimizes the iteratively by fetching in statistic histogram information, and automatically determines the number of clusters based on Otsu algorithm. The new method is tested on MR brain images. The Experiment results also show that the proposed method determines the best number of clusters and is faster than the standard FCM.
